Introduction Kidney biopsy is an essential tool for guiding clinicians towards diagnoses, treatment and determining prognosis in renal disease. However, the procedure can be marred by various complications. The reported occurrence of complications varies among countries or regions and is also affected by several clinical and technical factors. This systematic review and meta-analysis aims to evaluate the incidence of major complications after percutaneous native renal biopsy in low-income to middle-income countries (LMICs). Methods and analysis We will include studies of populations from LMIC as per World Bank 2017 country list. Relevant abstracts published from 1 January 1980 to 30 December 2017 will be searched in PubMed, Cochrane, Excerpta Medica Database (Embase) and African Journals Online, without language restriction. Two reviewers will independently screen, select studies, extract data and assess the risk of bias in each study. A third reviewer will arbitrate in cases of disagreements. The study-specific estimates will be pooled through a random-effects model meta-analysis to obtain an overall summary estimate of the incidence of major complications across studies. Clinical and statistical heterogeneity will be evaluated by Cochrane's Q statistic. Funnel-plot analysis and Egger's test will be used to assess publication bias. Results will be presented by geographical region and income group. Ethics and dissemination This study will use published data. Therefore, there is no requirement for ethical approval. This systematic review and meta-analysis is expected to inform healthcare workers and providers about the occurrence of major complications following renal biopsies and highlight possible actions needed to improve the safety of the procedure in LMICs. The final report will be published as an original article in a peer-reviewed journal. Findings will also be presented at a conference and submitted to relevant health authorities. PrOsPErO registration number CRD42017077656.
IntrOduCtIOn
Kidney biopsy is an essential tool for guiding clinicians towards the diagnosis of unexplained renal disease, guide treatment of patients or assist with determination of prognosis of renal disease. 1 Since its first introduction in 1944 and later in 1951 by Iversen and Brun, the procedure has provided clinicians with valuable information about kidney diseases and their management despite high rates of reported biopsy complications. 2 Improvements of the technique and recent introduction of the spring-loaded biopsy gun have reduced some of these complications. 2 The reported occurrence of complications following a kidney biopsy tend to vary from one region to another. A study from China, a middle-income country, reported incidence of severe bleeding to be 0.39% out of 3577 native kidney biopsies. 3 However, much higher rates have been reported in other parts of the world. [4] [5] [6] In Morocco, 12.3% of patients who had undergone a percutaneous native kidney biopsy had gross haematuria and 0.8% required nephrectomy after biopsy. 4 On the other hand, a systematic review with studies mainly from high-income countries found that only 0.9% of 9474 renal biopsies required red blood cell transfusion. 7 strengths and limitations of this study ► To our knowledge, this will be the first systematic review and meta-analysis aiming to estimate the incidence of complications after renal biopsies in low-income to middle-income countries. ► We aim to look at the distribution of biopsy complications according to income group, providing comparisons that may be useful in designing strategies to improve safety of renal biopsies in this region. ► There could be heterogeneity from studies from different regions, which may affect pooled estimates. ► The limited number of patients having renal biopsies in some countries may affect true incident rates.
However, the review only included studies if renal biopsy was performed by real-time ultrasound using automatic biopsy needles. 7 Due to lack of such equipment in developing countries, no low-income to middle-income country (LMIC) was included in that study, making their results difficult to generalise globally.
The use of automated spring-loaded biopsy devices under real-time ultrasound guidance for performance of renal biopsy is becoming increasingly common in many centres. 2 3 However, there are studies that have shown that the spring-driven needles may yield similar complication rates when compared with hand-driven needles. 8 Similarly, while minor complications have been shown to be increased with use of free hand rather than realtime ultrasound, the incidence of major complications has been shown to be similar in both techniques. 9 This is further supported by studies reporting no difference in diagnostic yield or occurrence of complications between ultrasound marked or blind biopsies. 8 10 Other factors that may influence the rates of complications are the size of needle used as some studies show that large-calibre needles such as the 14G needle may result in higher bleeding complications when compared with smaller needles. 7 Other studies have, however, found no difference in complication rates based on size of needle used for the procedure. 2 11 Operator experience and training may also affect the reported incidence of renal biopsy complications. 10 Finally, despite the increasing number of kidney biopsies being performed by radiologists, there is no evidence that they are safer than those performed by nephrologists. 11 12 This systematic review aims to summarise available data on the incidence of reported complications in patients undergoing percutaneous renal biopsy in LMICs. It is anticipated this will provide essential data to aid the global strategy in curbing kidney disease in LMIC. 13 This is important as it will provide information regarding the safety of performing renal biopsies, especially in LMICs where glomerular diseases are common causes of chronic kidney disease and remain largely undiagnosed. 14 
rEsEArCh ObjECtIvEs
This review aims to report on the incidence of major complications associated with performance of renal biopsies in LMIC.
rEvIEw quEstIOn
What is the incidence of major complications after renal biopsy in adults undergoing percutaneous renal biopsy in LMIC?
We will define major complications as any complication requiring an intervention, for example blood transfusion, radiographic or surgical invasive procedure, acute renal obstruction, extended hospitalisation, septicaemia or death. Minor complications will be those that are expected to resolve spontaneously, for example,
MEthOds
The development of this protocol was done using the Preferred Reporting Items for Systematic reviews and Meta-Analyses for Protocols 2015 (PRISMA-P 2015) framework. 15 Criteria for considering studies for the review Inclusion criteria 1. Studies done in LMICs reporting on complications after percutaneous native renal biopsies from 1 January 1980 to 30 December 2017 will be included. We will focus on the period after 1980 given that the techniques of renal biopsies changed substantially after 1980 with increased use of ultrasound and automatic needles. 2 16 2. We will consider relevant cohort, cross-sectional or case-control studies from LMIC. 3. Studies with patients 18 years and above. (table 1) . Conference abstracts and grey literature studies will also be considered. Dissertations and theses will be searched from ProQuest Dissertations, Theses Online, Networked Digital Library of Theses and Dissertations and the Open Access. 2. All relevant abstracts from above sources will be scrutinised and full papers downloaded from the databases or journal websites. The references of these papers will be checked for potentially eligible studies, which will be assessed for eligibility.
Selection of studies deemed relevant for inclusion in the review
Two reviewers (SK and MWM) will independently search the databases for relevant abstracts using agreed study inclusion and exclusion criteria. The full texts of these abstracts will again be independently assessed by these Open Access reviewers for eligibility. Any differences will be resolved by a third reviewer (IGO).
Assessment of methodological quality and reporting of data For risk of bias assessment, we will adapt and use a tool developed by Hoy et al to assess the methodological quality of included studies. 17 This will be presented in a table format.
data extraction and management
The data will be extracted onto a predeveloped data capture sheet. We will collect the following information: country of biopsy (in cases of multinational studies, information from individual countries will be presented separately where possible), World Bank Income Group, author, year of publication, study design, sample size, mean age, gender, the reported incidence of various postrenal biopsy complications, method of biopsy (free hand, ultrasound guided or ultrasound marking), needle size, type of needle used for the biopsy (automatic, manual), indication of biopsy, factors associated with major bleeding, for example, elevated blood pressure, platelet count and coagulation parameters, and operator (nephrologist, radiologist, trainee).
statistical analysis
A meta-analysis will be used to summarise incidence data. We will pool the study-specific estimates using a random-effects meta-analysis model (DerSimonian-Laird) to obtain an overall summary estimate of the incidence of complications across studies. 18 The incidence rates follow a Poisson distribution. Therefore, the square-root transformation will be applied to stabilise the variance of the incidence rates prior to meta-analyses, and the estimates back-transformed for reporting. Heterogeneity will be assessed using the χ² test on Cochrane's Q statistic 19 and quantified by calculating the I² (with values of 25%, 50% and 75% representing low, medium and high heterogeneity, respectively). 20 Subgroup analysis will be performed using the Q-test based on ANOVA. We will assess the presence of publication bias using funnel plots and Egger's test. 21 We will also assess inter-rater agreement for study inclusion and data extraction using Cohen's kappa (κ) coefficient. 22 A P value <0.05 will be considered indicative of statistically significant difference between subgroups. All analyses will be performed using Stata V.15 (StataCorp, College Station, Texas, USA). reporting of results and presentation A PRISMA flow diagram will be used to present the study selection process (figure 1). We will use the PRISMA Guidelines to present our data. 23 Quantitative data will be presented in tables and forest plots if applicable. The prevalent complication rates in various LMIC regions will be presented and comparisons made.
COnClusIOn
Kidney biopsies are essential to help manage kidney disease. Unfortunately, access to this resource is limited in poorly resourced countries. It is important to gather accurate data on renal biopsies from LMIC to aid policy-making and improvements to be made where necessary. We hope this review will help to highlight challenges faced in performing renal biopsies in this region. Contributors SK, JJN and IGO conceived and designed the protocol of this study. SK drafted the manuscript. SK and MWM will do the search and IGO will arbitrate any differences. UE and APK helped in the revision of the manuscript and methodological design of the study. UE and APK will help with the statistics and the meta-analysis. IGO is the guarantor of the review. All authors approved the final version of this protocol.
Funding The authors have not declared a specific grant for this research from any funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent Not required. 
